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HOME RADIO (Components) LTD , Dept EE. 234-240 London Road. Mitch;nn,CR4 3HD Phone c 


From a recent copy of 
“Everyday Electronics” . . . 



The advantages of this unique chassis are: 

1. From stock, we can offer you a choice of 188 sizes, 
ranging from 3x3x1 Ins. to 14 x 14 x 4 ins. 

2. All parts are sold separately, so that a spoiled plate can 
be quickly and cheaply replaced. Thisis invaluabletothe 
experimenter, who can use the same sides over and over 

3. Befitting a plate to the bottom a whole range of small 
metal cabinets, complete with handles If required, can 
be assembled. 


This unique UNIVERSALCHASSIS 
is obtainable ONLY from 
Home Radio (Components) Ltd. 


A full list of plate sizes, together with reference numbers for 
ordering, Is given in our Components Catalogue. This famous 
“Constructor’s Bible" lists over 8,000 components, over 
1,500 of them Illustrated. It provides the quick, simple means 
of ordering all your component needs. Every catalogue contains 
10 vouchers, each worth 5p when used as instructed. The cata¬ 
logue costs 70p, including postage and packing: drop us a line 
or use the coupon. 



Our famous Universal Chassis, which for 
many years has formed the basis of 
thousands of radio and electronic projects, 
consists of a top and four separate sides. 
The five parts, which are made of 18 S.W.G. 
aluminium, can be quickly assembled with 
the screws provided to form a chassis even 
more rigid than the standard type. 



POST THIS COUPON with your cheque 
or postal order for 70 pence 


It would help us considerably 
if we knew whether this was 
your first Home Radio Com¬ 
ponents Catalogue. If it is please 
place a tick in the box. 


Ring 01-648 8422 


Ask for details of our 
Credit Account 
Service 



The price of 70p applies only 
to catalogues purchased by 
customers In the U.K. and to 
BFPO addresses. 
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This Is my first H.R. Components Catalogue □ 

Name .......... 

Address......... 

Home Radio (Components) Ltd. 

Dept. EE, 234-240 London Road, Mitcham CR4 3HD 
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( UNIQUE RADIO FOR BEDROOM OR 
OFFICE !!?w t ^i5'o'St* toeWcft,r ’ONLY £1 70 


AMAZING MAGIC MUSIC BOX 

" make electronic music waving vour hands about 

~ on«y£2-75Sr--- 



CONCORD ELECTRONICS LTD. (E.E.1I) 8, Wesibourne Grove, 


battery lasts age 

taj bln^ noTsuppUed rOHLT U50 

London, W.2. Callers welcome 9 a.m.—5.30 p.m. 
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JOl M M STANDARD & CUSTOM-BUILT AUDIO & ELECTRONIC EQ 



Everyday Electronics, November 1972 





















684 







































































Project 605 
the new simple 
way to assemble 
Sinclair high fidelity 
modules 
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for fast, easy 

JHufacole. reliab,esolderin 9 


IDEAL FOR HOME 
CONSTRUCTORS 



EASY-TO-USE 
DISPENSERS ^ w 



Size 1 cartons all at 25p each 

in 40/60,60/40, 

or Savbit alloys in 7 gauges. 


BIB WIRE STRIPPER AND CUTTER 


Model 3A. Strips insulation 
from cable or flex without 
nicking wire. 4 different 
settings, 4&6BAspanner ends, 
ground cutting edges Price 32p. 
hi CIA/1 Also available, 

IV tW! de luxe Model 8. Price 58p. 





The most accurate 
pocket size 

CALCULATOR 

in the world 


The 66 inch OTIS KING scales give 
you extra accuracy. Write today 
for free booklet, or send £4.65 for 
this invaluable spiral slide rule 
on approval with money back 
guarantee if not satisfied. \ 
CARBIC LTD. (Dept. EE4) 

54 Dundonald Road, London, SW19 3PH. 


Everyday Electronics, November 1972 














































HBNRVS-Yourcompfele Semiconductor Sforel 



HENRY’S 


MAIL ORDER DEPT: 303 ED G WARE ROAD, LONDON, W.2. 
RETAIL SHOP: 404-406 EDGWARE ROAD. (01-402 8381/2) 

D Open 6 days a week 9 am - 6 pm Monday to Saturday 
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The Mafan CONQUEROR 


An outstandingly simple and 
efficient new soldering tool, 
featuring a fully enclosed ele¬ 
ment and slip-on bits which 
can’t seize. Five tip sizes avail¬ 
able, iVin to ±in, covering most 
work with one iron only. Lighter 
and slimmer than comparable 
irons, and with better perform¬ 
ance. A pleasure to use and 
excellent value. Mains or low 
voltages. Conqueror spring 
stand gives complete safety and 
convenience, and holds spare 
bits. 



Please ask for leaflet 54/1016. 



Conqueror Stand 
and sponge £1.48 


LIGHT SOLDERING DEVELOPMENTS LTD. 

28 Sydenham Road . Croydon CR9 2LL 01-688 8589/4559 



NO SOLDERING 
BATTERY OPERATED 

Build your own radio receiver and many exciting 
experiments with the unique printed circuit board 
and mounted components. Easy to build, 
no soldering, battery operated, plus a fully illustrated 
instruction manual giving precise directions for each 
experiment. Ideally suitable for both the experimenter 
and beginner. 

Radionic Products Limited 

St. Lawrence House, Broad Street. Bristol BS1 2HF. 

Tel: 0272 25351 

^Amember of the ESL BRISTOL Group of Companies. 


PHILIPS 


Please send me literature 
on Radionic radio and electronics 
construction kits. 


Have fun with 
ek 


















jgpSia £12*'45 


“VERITONE” RECORDING TAPE 

WHSmMSSm 

lEKEIIflB 

WWW. St 7 * up ( 3«...^ ™ p».t *->. 


PREMIER RADIO ' 



LOW-NOISE 
COMPACT CASSETTES 

Screw fixing—fully guaranteed. 
In Library cases. 

C60—29p 

3 for 81 p 

C90 — 40p 

3 for £111 


Cl20—52p 3 for £140 
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SAVE UP TO 
33^% OR MORE 

SEND S.A.E. FOR 
DISCOUNT PRICE LISTS 
AND PACKAGE OFFERS! 


SPECIAL OFFER! 
SINCLAIR PROJECT 60 
STEREO FM TUNER 



G.W.SMITH&CO,( 


)LTD 
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The BIET Guide to Success should 
! read by every ambitious engineer, 
o you want promotion, a better job, higher pay? 
Opportunities” shows you how to get them 
i a low-cost BIET Home Study Course. There 

m and nobody will call on you. It could 


CHOOSE ANEW FUTURE NOW! 
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Vary the strength 
of your lighting with a 



The New Styled 

"MULTI-MINI" TWIN-VICES 
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A GOOD QUESTION 

But what, actually, is the difference between 
electronic and electrical? Almost certainly every 
reader has either posed this very question or has 
had to supply the answer, sometime or another. 

Seeing that electric current is the energy in¬ 
volved in both electronic and electrical devices 
and systems, the puzzlement and confusion exist¬ 
ing in many minds is quite understandable. Yet 
there is a clearly definable difference between 
these two branches of science and engineering, 
closely related as undeniably they are. 

THE DIFFERENCE 

Electrical apparatus and systems depend upon 
electric current produced by the drift of elec¬ 
trons within metallic conductors—“conventional” 
electricity, in other words. 

The whole science and technology of 
electronics is based upon the special properties 
of certain devices such as the valve and, more 
importantly today, the semiconductor. In such 
devices the conduction of electric current takes 
place either through a vaccum or gas—as in the 
case of the valve, or by a somewhat abstruse 
process involving the movement of both negative 
and positive “current carriers” within the con¬ 
fines of a semiconductor material. The special 
properties and characteristics of these “elec¬ 
tronic” devices make all of electronics possible. 

Historically, electronics owes its original 
development as a separate branch of technology, 


Our December issue will be published on Friday, November 17 


quite distinct from electrical engineering, to the 
exceptional capabilities of the valve. This device 
has largely fallen into disuse since the arrival of 
the modern semiconductor. The latter has 
“taken over” and greatly enhanced the possibili¬ 
ties and, thereby the prestige, of electronics. 

GROUND WORK 

Any study of electronics clearly involves 
examining how these vital electronic devices 
work and the manner in which they can be 
applied to produce various useful functions 
through different circuit arrangements. How¬ 
ever, a prerequisite to such study is a good 
general knowledge of the related subject, elec¬ 
tricity. With this knowledge one can confident- 
ally tackle the more intricate (and more excit¬ 
ing) matters that are part and parcel of 
electronics. 

From enquiries we receive it is evident that a 
straightforward explanation "of electrical theory 
would be welcomed by many beginners, as a pre¬ 
lude to their immersion in genuine electronics. 
We are therefore commencing this month a new 
six-part series entitled Basic Electricity. 
Although aimed primarily at those starting from 
scratch, this series could provide a useful 
“recap” of the subject for many others. 



EDITOR F. E. BENNETT • ASSISTANT EDITOR M. KENWARD • B. W. TERRELL B.Sc. 
ART EDITOR j. D. POUNTNEY • P. A. LOATES • S. W. R. LLOYD 
ADVERTISEMENT MANAGER D. W. B. TILLEARD 


Kt,XE- PUb,i ’ h ‘ d * EVERYDAY “ECTRON.es is fully 
W. «nno^^o a wever, e guari«i n tee r it, t and n we Mnno^Keept ^ieeal^ rMPons^bnit» n f Ure 't b p ttbe * dvic V" d - reliable. 

ItllTJ&eZr inC Jr din ‘ P< S tage for on n e 0t ye.r e ?o ^ £2^“ qU ° ted th ° Se “ “ We “ *>"«• 
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EE binders... 


Both volume 1 and volume 2 (Jan. to D«. 73) Eaiil- 
Binders are now available—handsomely finished in orange 
de luxe Balacron with black lettering on the spine. 

Order your binder from Binding Dept., I PC Magazines 
Ltd., Carlton House, 68, Great Queen Street, London WC.Z. 
The price is 88p, including postage and packing. 
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An instrument to test overall car 
performance. 


E very driver interested in his automobile per¬ 
formance would probably like to have a 
Dynamometer available for testing performance 
but this would cost more than it would be worth. 

There are low cost instruments for checking 
timing, contact breaker point dwell time and 
similar items but generally, these do not measure 
the overall performance of an automobile. 

But utter simplicity quite frequently offers an 
answer which was unsuspected and that is the 
case with the Auto Accelerometer! Without 
measuring horsepower it does succeed in giving 
an indication of overall performance by measur¬ 
ing both acceleration and deceleration. 

Increased acceleration obtained by adjusting 
carburation or timing indicates an increase in 
horsepower delivered to the rear wheels and a 
measurement of deceleration can be a good 
indicator of brake condition, road holding and 
brake fade. 

In one small, simple instrument, we have the 
capability of measuring a wide range of perform¬ 
ance parameters for the automobile. 

For the avid enthusiast, it offers a means of 
checking the total effect of various changes in 
timing, carburettors, ignition systems and the 
like while for the not so avid, it furnishes a 
means of correcting bad driving habits and 
generally monitoring performance. 


The g, taken from the word gravity, is an 
international unit defined as the acceleration pro¬ 
duced on a dropped object by the earth’s gravi¬ 
tational field. In actual figures an acceleration of 
lg is equal to 32 -2 feet per second per second or 
22 miles per hour per second. 

A pendulum responds in a very precise way to 
the effects of acceleration at right angles to the 
surface of the earth. That precise relationship 
says that the tangent of the angle from the 
vertical assumed by the pendulum equals the 
acceleration! 

If the pendulum assumes a 45 degree angle 
from the vertical, the tangent of 45 degrees 
equals 1 and the acceleration is thus lg. De¬ 
celeration is determined in the same general 
way. 

The actual sensing device in the accelerometer 
is. a simple potentiometer (VR3) with turning 
friction reduced to a minimum. There are any 
number of more complex ways to make a sensing 
device but this is by far the most straight 
forward. To this potentiometer is added a 
pendulous weight that will turn the potentio¬ 
meter under acceleration and return to a known 
resting point with minimum hysteresis. 


CIRCUIT DESCRIPTION 

The circuit (Fig. 1) is a simple bridge that is 


PRINCIPLES OF OPERATION 

Acceleration is normally measured in “g’s.” 
Speed is a measure of distance travelled per unit 
of time while acceleration is a measure of the 
change in speed per unit of time. The first is 
expressed as feet per second or miles per hour 
and the second in feet per second per second or 
miles per hour per second so that what is 
actually being measured is the number of miles 
per hour increase in speed per second. 
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Fig. 1. Complete circuit diagram of 
the Auto Accelerometer. The pen¬ 
dulum which senses acceleration 
or decelaration is affixed to the 
shaft of potentiometer VR3. 


balanced to give a zero reading on ME1 with 
preset VR1. The pendulum is attached to the 
shaft of potentiometer VR3 and as it pivots the 
circuit is unbalanced. Potentiometer VR2 is used 
to set the meter for full scale deflection with the 
pendulum at 45 degrees from the vertical (simu¬ 
lating lg). 

Diode D2 prevents reverse current through 
the meter and could be eliminated with very 
little chance of damaging the meter; it does 
prevent reverse deflection. Capacitor Cl elimi¬ 
nates any very fast fluctuations in the needle 
reading. ,, 

Power is obtained from the automobile battery 


and is regulated by R1 and D1 to approximately 
10 volts. 

THE PENDULOUS WEIGHT 

A simple weight can be made of solder or 
plumbing lead. A chipboard box will smoke when 
the weight is cast but can be used as a one time 
mould for this job. A brass bush that will fit on 
the spindle of the potentiometer used, should be 
obtained. Clean this bush with sandpaper and 
flux it with some liquid flux. Insert it in the 
corner of the mould made as illustrated in Fig. 2. 

Melt the solder or lead in a suitable container 
and pour it into the mould. Allow a few minutes 





















MB ACCEIEROMER 



Fig-3- Mounting of VR3, the pendulum and 




Fig. 5. Layout and wiring of the complete unit. 
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for the mass to cool and then, if you are satisfied 
with the results, quench it under cool water. 

The potentiometer used for VR3 should be one 
of the types having a nylon spindle and should 
rotate freely with very little friction. Install a 
bracket on the potentiometer bush that is long 
enough to allow the pendulum clearance to turn 
(see Fig. 3). 

The pendulum, can, now be attached to the 
shaft with the setscrew in the bush and the 
bracket fixed inside the case. A hole in the top 
of the case will allow adjustment of the 
pendulum after assembly. 



Fig. 4. Layout and wiring of the Veroboard. 
Copper strips to the right of strip 11 are not used 
and have not been indicated. 


FINAL CONSTRUCTION 

The layout and wiring of the Veroboard is 
shown in Fig. 4. After cutting the Veroboard to 
size and cutting the conductors as illustrated, 
install and solder the components and wires 
required. 

Final assembly is illustrated in Fig 5. An edge- 
Everijday Electronics, November 1972 



wise type meter is used, mounted in one side of. 
the case. The. electronics can be installed any¬ 
where in the case. Make sure that the diodes 
and capacitor are placed the right way around 
and take cafe not to overheat the diodes when 
soldering. 


The pendulum moMnted on VR3 together with 
the bracket. 


--- 

Components.... 

Resistors ccc 

R1 2700 
R2 Ikfi 

R3 Ikfi riiai W7 

All ± 10% i,W carbon 

Capacitor 

Cl 20/xF elect. 12V 

Potentiometers 

VR1 Ikfi skeleton preset (or normal carbon 
—see text) 

VR2 Ikfi skeleton preset 
VR3 Ikfi linear carbon (see text) 

Diodes 

D1 10V 400mW Zener 
D2 OA81 

Miscellaneous 

ME1 1mA moving coil meter (ar\y shape) 

51 S.p.S.t. toggle switch 

52 D.p.d.t. toggle switch 

Veroboard 1 7 x 1 -3 x 0-1 in. matrix, plumbers 
lead or bar type solder for pendulum, 

6in. x 4in. x 2iin. aluminium chassis for case 
VR3 mounting bracket, two way connector, 
4BA fixings, connecting wire, brass bush 
i in. long to fit on VR3 spindle with a set 
^^screw^^^ 
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Internal view of the prototype unit showing the 
positions of components and the pendulum. 


TESTING 

Connect a source of 12 volts d.c. to the system 
observing lead polarity. If not done previously, 
adjust preset VR1 so that it is about half way 
around its range. Now adjust the pendulum on 
the shaft of VR3 so that it is hanging straight 
down with the meter reading zero. 

Using a 45 degree set square or a protractor, 
incline either the base of the case or the 
pendulum to 45 degrees and adjust VR2 for full 
scale deflection on the meter. 

Since the diode (D2) introduces some non¬ 
linearity, it would be a good idea to make a 
calibration chart by inclining the pendulum to the 
angles illustrated in Table 1 and noting the meter 
reading at these angles. It is worth noting that 
a germanium diode, as specified, will introduce 
less error than a silicon diode, due to the for¬ 
ward voltage drop being less in a germanium 
device. 

INSTALLATION 

Finally, install the unit, ensure that the shaft 
of the potentiometer is at right angles to the 
direction of travel of the automobile, that the 
unit is level and the meter is installed where it 

Table 1: Calibration Chart 


Acceleration Angle in Meter 

9 degrees Reading 

0 0 o 

0-1 6 

0-2 11 

0-3 17 

0-4 22 

0-5 26-5 

0-6 31 

0-7 35 

0-8 38-5 

0-9 42 

1-0 45 1 0 


can be seen. Connect the unit to the car supply 
observing polarity and switch on. The unit is now 
ready for road testing but before starting these 
tests, be certain that they can be performed 
with complete safety. 

ROAD TESTING 

A navigator should be called on to read the 
meter. With the accelerometer set for accelera¬ 
tion, have the navigator note the reading at 
regular intervals (say every 5 m.p.h.) as you 
accelerate in first gear. Then do the same for the 
rest of the gears. It is best to make these tests 
on a flat road and running in both directions 

The plotted results should be a curve some¬ 
thing like the one in Fig. 6. The crossover points 
indicate the best gear change point in miles per 
hour for each gear. For example, the shift from 
first to second gear should he at about 32-33 
miles per hour for this curve. If the car is fitted 
with a rev counter these points could be noted in 
revs per minute. 

Testing the brakes can be done in the decelera¬ 
tion position of switch S2. It may be necessary to 
readjust VR1 which might also be mounted as a 
potentiometer on the front panel to allow for 
quick readjustment if required. 

Drum brakes should indicate at least 0-5g 
and disc brakes from 0-7 to as high as 0-9g. 

Brake fade can be tested by making a repeti¬ 
tive series of hard stops from 40 miles per hour 
and comparing all the results. The results may 
surprise you. 

The unit can also be used to correct bad 
driving habits. On a level motorway, for 
example, at a set speed, the meter needle should 
sit rock steady at zero. If it does not, you are 
in all probability operating the accelerator pedal 
without realising it. 

The effects of motor oil can be checked. Oil 
can, if viscous enough, cause a considerable 
amount of drag and changing to another oil can 
help. Tyre pressure, open windows and many 
other things can contribute to drag and the 
effects can be assessed with the accelerometer. 

0 


Fig. 6. The graph resulting from the road tests 
mentioned in the text. The best gear change 
points occur where the graphs cross. 
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H opefully we will be address¬ 
ing a few new readers this 
month. With the commencement 
of the Basic Electricity series we 
hope to gradually introduce some 
new readers into the ways of con¬ 
structional electronics. Although 
this page may not be of great 
interest to the very new begin¬ 
ners who may not be buying 
many “electronic” components 
just yet, they will no doubt be 
keen to find out about general 
supply problems and of course 
some of the new products men¬ 
tioned are sure to warrant atten¬ 
tion. 

Having said that, we must 
point out that we do not supply 
components, only the written 
word! If you have a component 
supply shop near you they should 
be able to supply most of the 
components we use. For the 
special components, or if there 
are no supply shops near where 
you live, you will have to send 
for the parts to one of the many 
mail order firms who advertise 
in our pages. 


Basic Electricity 

All the components needed for 
the first part of Basic Electricity 
are obtainable from Woolworths 
or most good electrical shops 
(excepting the pencil). Just one 
word of warning, if you want to 
cut up some old batteries to see 
just what is inside, make sure 
you do it on plenty of news¬ 
paper because it can be a very 
messy process. 
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Beta Electronic Guitar 

As you will see from the article 
about Beta most of the require¬ 
ments this month are for the 
wooden parts, generally available 
from timber yards—cut to size 
and shape if you are lucky (see 
text). 

Other parts needed for the 
construction detailed this month 
are the six single machine heads, 
a six-string adjustable bridge, 
about four feet six inches of 
standard fret wire, two strap 
fasteners and a strap. When buy¬ 
ing the machine heads make sure 
you get three left hand and three 
right hand ones, all these parts 
should be available from a good 
guitar shop. 

We never cease to surprise our¬ 
selves at what can be used in 
building various projects, in the 
past we have specified egg cups 
and denture cleaning tablet tubes, 
now we use two knitting needles 
—or better still, as you only have 
to buy one at a time, two crochet 
needles. These needles are used 
to form the finger position 
markers on the Beta fretboard, 
the sizes required are No 5 and 
No 7. Make sure you get plastic 
ones of- the colour you require. 

Auto Accelerometer 

Most of the parts for the Auto 
Accelerometer are readily avail¬ 
able. The meter does not have to 
be of the edgewise type shown 
but this type does provide a com¬ 
pact, neat-looking finished unit. 
The prototype case is a stan¬ 
dard aluminium chassis, available 
from some of our advertisers. 

One point to watch is the type 
of potentiometer obtained for 
VR3. We recommend the plastic 
spindle type for this job as they 
are usually reasonably friction¬ 
less. 

Solder to make the pendulum 
can be bought in rods—a garage 
or hardware shop will sell you 
this. Do not attempt to use multi¬ 
core solder as you will find it very 
expensive. 

Transistor Tester 

An extremely useful, simple 
project that will probably be put 
to good use by many readers, the 
Transistor Tester therefore de¬ 
serves a sturdy case and we 
recommend the diecast type as 
used in the prototype. With a 
coat of paint this case is quite 
presentable and very strong. No 
real problems concerning com¬ 


ponents for this project, the Terry 
clip used to hold B1 should be 
available at most hardware stores. 

New Products 

Once again some interesting 
new products have found their 
way into our offices, one of which 
is of particular interest to us 
since a similar product ceased to 
be made some time ago. This 
product is called Norman Q-Strip 
and is what we have previously 
termed stick down wiring. 

Q-Strip is a J 8 inch wide strip 
of copper with a thermo-setting 
adhesive on one side. After a pro¬ 
tective backing is peeled off the 
copper is glued to a piece of com¬ 
ponent mounting board and used 
to form a circuit, in a similar way 
to a printed circuit board. 

Having tested some Q-Strip in 
our workshop we have found the 
adhesive to be good even after 
two or three “re-heats”. The strip 
can also be stuck down if it is 
accidentally lifted during de¬ 
soldering. At 18p for 40 inches 
this circuit strip should be popu¬ 
lar. Available from most large 
component suppliers in the near 
future. 

We are always receiving en¬ 
quiries about cases and various 
mounting and component hous¬ 
ing problems for many of our 
projects. One new type of case 
which should go a long way to 
help with many of these prob¬ 
lems has recently been announced 
by Vero Electronics Ltd. (the 
Veroboard people). The case- 
called Verobox—is made in 
various sizes from extruded alu¬ 
minium sections, each incorporat¬ 
ing two circuit board or chassis 
mounting strips. The extruded 
sections interlock and are held 
together by plain end plates and 
self-tapping screws. Altogether 80 
different size cases are available 
ranging from 58 X 58 X 25 mm 
to 208 X 208 X 200 mm. 

The finish of the extruded sec¬ 
tions is exceptional and the prices 
range from approximately 40p to 
over £4. The Veroboxes should 
be available from most large sup¬ 
pliers. 

I - 
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I n amateur electronics there are very few truly 
redundant components; the odd transformer, 
capacitor or even a piece of wire is harboured 
against the day when it can be employed profit¬ 
ably, lest the mere act of throwing it away will 
evoke a well known law and a replacement will 
have to be purchased. It is not unusual therefore 
to find the radio control enthusiast still employ¬ 
ing parts of equipment that has long been out¬ 
moded. 

This article is intended to familiarise the 
beginner with components and published infor¬ 
mation against the historical background of radio 
control and to outline the scope of the hobby. 
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HISTORY 

Radio control is almost as old as radio itself 
but it had little practical meaning until the late 
1940’s; there were of course, controlled models 
before the war and in America a radio controlled 
model aircraft contest, but in general it was a 
field in which only the intrepid and stalwart 
could succeed. There were three reasons for this 
—the high relative cost, the uncertainty of opera¬ 
tion and what may be described as a psycho¬ 
logical barrier. 

The type of mind necessary for the painstaking 
construction of a delicate model was not often 
coupled with the brash inquisitiveness necessary 
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Control 

of Models 


for the development of the electronics—indeed 
it was often found that a good modeller joined 
forces with the local radio enthusiast to ensure 
success. 

It was necessary to use an expensive special 
gas filled valve called “miniature”. The valve 
had a very limited life and it called for great 
skill to adjust the circuit to maintain the 
maximum sensitivity without the valve taking 
excess current, leading to early demise. 

Ferrite was a thing of the future so all coils 
were on hand-made formers, capacitors were 
often part-fabricated to save weight and high 
voltage batteries produced from copper and zinc 
sheet similar to Zamboni Piles. The electronics 
finished at the point where the (hand-made) 
relay closed in sympathy with the on-off switch 
on the transmitter, but then the electrics started. 

In order to control various functions of the 
model, electro-mechanical sequential systems 
were devised—peculiar, delicate and often fiend¬ 
ishly ingenious assemblies of bent tin and tiny 
coils using twisted rubber bands as “motors”. 
There was no weight restriction on the trans¬ 
mitter design so these tended to be large; the 
power source being an accumulator and 120 volt 
batteries. There was no question of the trans¬ 
mitter being hand-held! 

TRANSISTORS 

Post war modellers with a developed know¬ 
ledge of electronics soon set higher standards of 
performance and the advent of the early tran¬ 
sistors enabled them to develop systems superior 
to, and thereby displace, some of the commer¬ 
cially available equipment. 


Instead of simply interrupting the transmitter 
output (interrupted carrier wave) the r.f. output 
was modulated (Fig. 1) with low frequency audio 
tones (modulated carrier wave) either sequen¬ 
tially or simultaneously. Either method was easy 
to apply to the transmitter but the difficulty lay 
in separating out the tone information in the 
receiver. Two methods were used, each “tone” 
had an associated filter assembly and subsequent 
amplifier and relay or alternatively a “reed 
bank” or “reed relay” was used. 

The reed bank is the equivalent of a number 
of relays each with a mechanically tuned attrac¬ 
tion plate in the form of a long, thin, springy 
strip which vibrates as in a tuning fork. Each 
i reed of the composite device is fitted with a 
miniature adjustable contact and when the 
appropriate frequency is applied the reed 
vibrates in resonance and makes repeated 
momentary contact. 

The problem of momentary contact is easily 
overcome but the current rating of the miniature 
contacts necessitates a further “slave” relay (or 
transistor switch) for each reed or tone channel, 
capable in turn of carrying the current required 
by the actuator coils. 

The device works very well indeed but needs 
great precision in manufacture and is conse¬ 
quently expensive, accounting for approximately 
half the cost of an installation, and is relatively 
heavy. 

CONTROL SYSTEMS 

The experienced modeller can make a model 
perform quite complex evolutions even with a 
system that can only give instructions such as 


MODULATED CARRIER 



RESULTANT AUDIO SIGNAL 


Fig. 1. Showing 
low frequency 
modulation of the 
r.f. carrier wave. 
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turn left—turn rij*ht: in a sense he achieves a 
degree of proportional control by varying the 
time ratio of the two instructions so that the' 
mean effect produces a result approximately cor¬ 
rect; an aeroplane, for example, can be flown in 
a multi-cornered circle. Possibly the best 
example of this practice, still in vogue, is the 
“galloping ghost”. 

Despite the proven reliability of the reed bank 
its weight and cost led experimenters to use com¬ 
pact ferrite-cored filter units from which a d.c. 
output can be derived as a function of a para¬ 
meter change of the transmitter tone. This “con¬ 
trolled” d.c. is applied to a servo amplifier 
driving a small electric motor geared down to 
provide the necessary torque output. In this way 
single channel proportional control is employed 
to adjust, for example, the rudder of a model 
boat to the correct angle for the model to move 
in a true circle. 

This is more than just a simple refinement. 
Radio controlled aircraft models are structurally 
different, in particular the dihedral, from the 
free flight types, the proportional class being 
capable of greater ease of operation to the extent 
that an inexperienced modeller can be his own 
test pilot rather than have the club expert fly it 
first. 

FREQUENCY BANDS 

Multiple or simultaneous channels with pro¬ 
portional control on some, have become practic¬ 
able to the extent that several models are used 
at the same meeting necessitating the use of 
superhet receivers and different band frequen¬ 
cies in order to prevent interaction. Each trans¬ 
mitter and receiver combination has a pair of 
matched crystals on one of the frequency bands 
shown in Table 1 with an appropriately coloured 
pennant fitted to the transmitter antenna. 

An enthusiast can have several sets of crystals 
enabling him to take part on any vacant band or 
spot frequency and his transmitter is now fully 


The single stick five function proportional 
“Series Four" system manufactured by Flight 
Link Controls Ltd. 
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transistorized making a compact hand held unit 
—usually fitted with joystick type controls. The 
highest tone frequency in common use is approxi¬ 
mately 6 kHz and the band width occupied by a 
transmitter modulated by this tone is 12kHz or 
nearly half the separation between adjacent 
secondary channels, e.g. red to red/orange 
(Table 1) of 25 kHz. This is adequate for all 
practical purposes bdt if a higher tone frequency 
is used or the matched crystals are not exactly 
on the band frequency then interaction is pos-, 
sible to an adjacent secondary channel. 


Table I. Frequency Bands 


Band Colour 

Frequency 

Principal 

Secondary 

MHz 


Black 

26-970 



26 995 


Brown/Red 

27-020 

Red 


27-045 


Red/Orange 

27-Q70 



27 095 


Orange/Yellow 

27-120 

Yellow 


27-145 


Yellow/Green 

27-170 



27-195 


Green/Blue 

27-220 

Blue 


27-245 


White 

27-270 

The band frequency on which radio control modellers 

operate. The 

matched crystals of the receiver and 

transmitter being colour coded and a 

pennant of the 

same colour used on the transmitter 

antenna. 


Highly reliable commercial proportional equip¬ 
ment is available both ready for use and in kit 
form at prices from £40 to £350 dependent upon 
the facilities offered. The superhet receivers, 
often of foreign make, are produced at a figure 
the amateur can hardly improve on, component 
for component, and a saving of the labour .con¬ 
tent can only be made if a number of units are 
produced, as for a club, since much time must be 
spent in layout design alone. Similarly, the 
servo units incorporating a miniature motor, 
plastic gears etc., in a very compact and reliable 
form are difficult to copy. 

The amateur constructor has a free field with 
respect to the transmitter, filter units etc., and 
it is common practice for a mixture of commer¬ 
cial and ! ‘home brew” equipment to be, used, the 
system being basically designed for five or six 
channels but only one or two channels being 
used until the cost of a further servo unit kit is 
saved. 

DIGITAL CONTROL 

The complications of multiple filter units and . 
the advent of more specialized semiconductors 
such as the thyristor, paved the way for digital 
control; instead of varying the modulating tone 
frequency of one channel to effect a control, the 
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SWITCHED CARRIER 




Fig. 2. The basis of the modern digital 
control system. The carrier wave is 
switched and transmitted in variable 
length bursts. 


tone frequency is constant but is sent in variable 
length bursts (Fig. 2). The length of the burst or 
pulse being measured and converted to a d.c. 
output. 

The attraction of the system is its basic simpli¬ 
city and the avoidance of the difficulty of winding 
and accurately setting up filter coils. The dis¬ 
advantage, is the necessity for synchronizing and 
sequence circuitry to ensure that the control on 
the transmitter always operates the correspond¬ 
ing model function. Present day technique is 
coupled with the availablity of cheap integrated 
circuits. 

The number of channels that can be used with 
modern integrated circuit techniques is limited 
by fundamentals rather than cost: the rate at 
which a control output can be changed is propor¬ 
tional to the rate of measurement and hence to 
the number of pulses per second. If a slow rate 
of control is satisfactory about 12 channels may 
be used but if a faster rate of control is desired 
fewer channels must be used—6 is normal or the 
mean pulse length is reduced which means that 
the bandwidth of the system is increased to the 
limit of the commercial receiver. The immediate 
future is likely to provide more complex inte¬ 
grated circuits at reasonable prices. 

Two transmitter frequency ranges are available 
26-96—27-28 MHz and 458-5—459-5 MHz; the 
higher frequency range being long regarded as 
the domain of radio enthusiasts but is now a 
practical proposition with modern transistors: 
the future therefore may bring both frequency 
ranges into general use, the h.f. one being for 
the enthusiast with all proportional 10 channel 
equipment. 

The Quantum Six uncased transmitter available 
in kit form from Remcon Electronics. 


An exploded view of the Quantum Six receiver. 


LICENCE 

In order to operate a radio control transmitter 
a licence must be obtained from the Ministry of 
Posts and Telecommunications. This costs only 
£1-50 for a five year period and is well worth it 
considering that in the absence of a licence the 
authorities can fine and also confiscate all the 
equipment. 

A form should be obtained from the Ministry 
of Posts and Telecommunications, Radio Regu¬ 
latory Division (Amateur and Special Licencing 
Branch), Waterloo Bridge House, Waterloo 
Road, S.E.l. 

In completing the form note that the equip¬ 
ment is licensed for an area defined by a 5 mile 
radius from a specified point; this can be varied 
by notifying the Post Office Telephone Manager 
for the Telephone Area of the alternative site: 
several sites may be in regular use simply by 
making standing notifications. 

The regulations specify a “satisfactory method 
of frequency stabilization ... measurement....”; 
in practical terms this means that the oscillator 
should be crystal controlled using a frequency 
marked miniature 3rd overtone crystal with 
matching tuning networks for 26 • 29—27 • 28 MHz. 
The emissions allowed are class Al, A2, FI and 
F2, the meaning being:— 

Al Telegraphy by on-off keying: the r.f. 
carrier not being modulated but just 
interrupted. 

A2 Telegraphy by on-off keying of either the 
modulating audio frequencies or the 
modulated carrier. 
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Components incorporated in a typical modern 
servo unit. (Remcon Electronics) 


FI Telegraphy by (unmodulated) frequency 
shift keying. 

F2 Telegraphy by on-off keying of either the 
modulation or carrier frequency shift. 

The power output is restricted to 1-5 watt 
(26-96—27-28 MHz) maximum (mean) effective 
radiated power; if an antenna other than the 
usual loaded Marconi type is used this figure 
must be derated by the gain of the antenna. If 
100 per cent amplitude modulation is applied 
to a carrier the peak power is increased four 
times, the r.m.s. or mean power being ^2x4 
times the unmodulated carrier. 

In the case of a valve type transmitter the 
unmodulated r.f. power can be taken as the d.c. 
anode volts multiplied by the d.c. anode current. 
In transistor transmitters, unless specialised 
transistors and circuitry are employed, the 
maximum obtainable unmodulated power is of 
the order of 0-5 watt for 12—15V supplies. In 
general a simple output stage is capable of 
approximately 250 mW r.f. 

RANGE 

The maximum range of a transmitter can only 
be properly quoted in relation to a given receiver 
of adequate sensitivity, and this presupposes 
that all factors, including the disposition of the 
antennas, are favourable. 

For indoor (very short range) applications a 
transmitter with an output stage capable of 200 
mW feeding a simple 30 inch rod antenna is 
adequate. If the same transmitter and antenna is 
used to control an aircraft it will be found that 
the range varies markedly with the disposition 
of the receiver antenna, and other factors and 
may be as low as 200 yards. In order to provide 
an adequate range with a factor of safety to 
provide for contingencies such as changing 
battery volts, detuning due to vibration, etc., the 
power output should be increased and a matched 
and efficient, loaded antenna used. 

The super-regenerative receiver is easily made 
and has high sensitivity, its great disadvantage 
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being that in regions of high signal strength it 
can be “pulled ” easily, responding tb any signal 
close in frequency to the one it was tuned to. 
In practice this means that a more complicated 
and expensive superhet receiver should be used 
whenever two models are operated in close 
proximity, e.g. boats on a lake. 

The novice could well be advised to start by 
controlling a model boat where there is little 
weight restriction and control failures are not 
disastrous. Simple equipment is all that is neces¬ 
sary with one or two channels only, for control¬ 
ling the rudder and engine speed. 

If starting completely from scratch a digital 
system could well be considered since the system 
could be extended at a later date. It may be 
thought that a digital system even with only two 
channels and servoamps is basically too expen¬ 
sive, in which case a simple single channel sys¬ 
tem could be considered. 

SUPPLIES 

Initially dry batteries may be used for a ven¬ 
ture into model control but for serious modelling 
and with regard to the safety factor and 
economics Deacs or rechargeable cells must be 
used. These have the advantages of lower 
internal resistance, a good power to weight ratio 
and, after the initial outlay, insignificant running 
cost. 

Deacs may be charged with care from a 
“trickle charger” but it is usual to construct a 
special light duty unit for the purpose which 
makes use of the Deac characteristic to prevent 
over-charging. g 


The complete six channel proportional system 
from Remcon Electronics Ltd. The system is 
available in kit form. 
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Some of the students who took part in the 
"Transistors and Semiconductor Devices" 
course being given constructional advice and 
instruction from John Matthews (standing). The 
students are, from left to right back row first: 
M. Fenney, I. Stockdale, V. Lane, R. Collins, 
M. Kennedy, and J. Wood. 
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T en weekly lectures in basic electronics was 
the course started by development engineer 
John Matthews at Hilderstone Adult Education 
Centre at Broadstairs, Kent, in September 1971. 
On completion of this first course entitled “Tran¬ 
sistors and Semiconductor Devices” many of the 
students suggested a follow-up course and, 
because of this, further courses are planned for 
this year. 

The course held was one of theory and prac¬ 
tice and John explained fully the function of 
most common components from the diode up to 
an integrated circuit. Visits to local electronics 
firms were also arranged whereby the students 


could get some insight into “industrial” elec¬ 
tronics; these helped to stimulate interest and 
provide background knowledge. 

For practical projects some of the Everyday 
Electronics circuits have been used together 
with other designs. The students who took the 
first course come from jobs as varied as the pro¬ 
jects they have constructed—from electricians 
to hovercraft pilots, and from chemists to 
draughtsmen. 

Many of these students will be taking further 
courses, and any reader interested in taking part 
should write to John Matthews, care of Hilder¬ 
stone House. Rroadstairs. Kent. 




guide to circuit 


Transducers 

<—ol 


Head for magnetic tape or drum 
1 (monaural record or replay) 


& ^1—]_RPH Stylus operated piezo - electric 

^ t- ~ stereo pick-up for reproducing 


1 \ -S PH Stylus operated stereo pick-up 

I n for reproducing 



Microphone (mono) 


Microphone (stereo) 


Earphone, mono only 



& 


7 


LS/MIC 

8 


Loudspeaker 


Loudspeaker, microphone 
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The Beta guitar incorporating two electronics effects. 

ELECTRONIC 

GUITAR » 




c 


by Brian W. Terrell B.Sc. 



T 
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W ithout doubt, one of the most popular 
instruments of recent years and still 
today, is the electric guitar. Its popularity is 
easily seen by looking at and listening to the 
L ecords in one of the national record sales charts, 
) find that almost every record features a guitar, 
lostly electric, in one form or another in con- 
mctiomwith an accessory such as fuzz, tremolo, 
ibrato, waa-waa, treble boost etc., which are 
||ther built into the amplifier or self-contained 
id a box situated on the floor and foot-operated. 

WHY DO-IT-YOURSELF? 

Guitars and effects boxes are so readily avail¬ 
able in so many shapes, sizes and forms that 
one may ask “why build your own?” 

Perhaps the short answer to this is cost. 
Guitars to begin with can be very costly, prices 
ranging up to £300 or more for ones commer¬ 
cially available and even more in some cases for 
“custom built jobs”. 

An average price to pay for a reasonable 
instrument is about £40. 

Effects boxes seem to cost a lot of money for 
what they actually consist of—electronically 
speaking—but are probably worth the enjoyment 
and satisfaction they give to their owners (and 



Approximate 
cost of 
materials 
V £7 50 


710 


Everyday Electronics, November 1972 



fans). Typical prices for the common effects 
boxes vary between £7 and £15. 

Other factors, leaving cost aside, stem from 
the fact that musicians like to be individualists, 
and own equipment (providing its good) that 
others don’t. This is what you can do by building 
your own guitar, and add your personal 
“touches” such as pick-ups and positioning, 
controls and location, colour and other refine¬ 
ments. 

ELECTRONIC 

The guitar to be described here, and known 
as Beta, is a guitar with a difference. It differs 
from most other solid electric guitars in so far 
that it has electronics effects built into its body. 
These effects can be brought into operation by 
the flick of a switch whilst playing. Both units— 
fuzz and treble boost—are powered by a single 
PP3 battery located in the control recess—but 
this will be fully described later. 

It is therefore quite in order to call the Beta 
an electronic guitar—it is different already. 

WOOD 

The wood content of the guitar, as can be 
seen in Figs. 1 and 2 on the blueprint enclosed 
in this issue, is essentially three pieces of wood, 
the body, the neck and head (made in one) and 
the fretboard. The choice of material is im¬ 
portant but not critical. 

In all cases the wood should be of the hard 
variety such as oak, teak, beech, etc., the impor¬ 
tant properties of these woods being that they 
have a close grain, are strong, do not distort or 
split easily under strain and can be engineered 
more accurately than softer woods. 

Bearing in mind the cost and availability of 
these materials, beech was chosen for use in the 
prototype for the body, and neck and head com¬ 
bination, and teak as that for the fretboard since 


The guitar body in early stage of construction 
showing stem recess cut out. 



the latter is slightly softer in some respects as 
is required for fixing the fret wire in position. 

For the body you will require a piece of beech 
about 13in. by 17in. by 2in. thick. For the neck 
and head combination a piece of beech 30in. by 
3in. by 2in. with grain along the length, and a 
piece of teak board approx. 20in. by 2 1 2 in. by 
^in. for the fretboard. 

BODY OUTLINE 

Begin construction with the body of the guitar. 
Transfer the outline shape of the guitar from 
the blueprint, Fig. 1, to the piece of beech wood 
(do not cut the blueprint). 

This can be done in two ways by (i) tracing 
the outline and sticking the tracing on the face 
of the wood, or (ii) place a piece of carbon paper 
on the wood face, place the blueprint on top 
and follow the outline on the blueprint to give 
a direct transfer onto the wood. These methods 
can also be used with all the other full-size 
drawings of the guitar parts. 

Whichever method is used for the body, ensure 
that the centre line is clearly scribed. The centre 
line is marked in Fig. 1. 

When the prototype was being constructed a 
very useful tool was a G-clamp. It is recom¬ 
mended that one of these be used to make the 
work easier. 

CUT-OUTS 

With the outline and centre line clearly 
marked, clamp the body wood down tightly on 
a bench top, top side up, and mark out the 
positions of the stem recess as detailed in Fig. 1. 
Cut out this recess and drill the six holes in 
this recess labelled “C”. 

Mark out the positions of the two pick-up 
recesses, the tailplate recess and cut out as 
detailed, using mallet and chisel. 

The two switch slots on the face of the body 
should now be marked and made. These are best 
done by drilling at the ends of the slots and 
chiselling out the remainder. Note that the slot 
nearest the tailplate position is to be right 
through the body whilst the other is only halfway- 
through from the front face. 

Now mark and cut out the channel to accom¬ 
modate the cables from the switches and pick¬ 
ups. This channel terminates near the rear pick¬ 
up in a 3 8 in. diameter hole drilled right through 
the body. 

In the channel section linking the upper switch 
recess to the upper pick-up recess, lay in a 
length of 1 4 in. plastic tubing such as that used 
for petrol pipe. Fill in around this tube with a 
filler such as plastic wood. This tube is to allow 
the cable for the effects switches to reach the 
control section. 

When all these cut-outs have been made, the 
body can then be cut to shape, slightly oversize 
to allow for cleaning up. 
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With the prototype, the body was cut using 
ordinary hand saws, chisels and files but took 
considerable time and effort—but this was 
justified by the' end result. If you can get the 
timber yard or shop where you purchased the 
wood to cut it for you on their bandsaw, this is 
recommended. 

Whether hand or machine cut, the edges will 
be rough and will have to be shaved down and 
smoothed. It is recommended that the smoothing 
is left till later. Shaving can be done with plane, 
Surform, rasp or rough file. You will probably 
end up using all of these tools for different 
parts of the body. 

There are two further cut-outs to make, one 
on the edge and one to the rear face of the body 
for the jack socket and control section respec¬ 
tively. These should now be marked, cut and 
drilled as indicated in Fig. 1. 



The rear face of the body showing the cut out 
to accommodate the electronics and controls. 


The control recess, which is l^in. deep into 
the rear face of the body is to be made first 
and is easily done with chisel and mallet, but 
care should be taken where the recess comes 
close to the body edge. The shape and position 
of this recess is shown dotted in Fig. 1—do not 
forget the Mn. deep lip for holding on the 
backplate. 

The 7 8 in. diameter hole for the jack socket 
should be drilled from the edge through to the 
control section recess as detailed in Fig. 1. 

Mark the positions of the four ‘D’ holes and 
drill through to the control section. Leave the 
body to one side for the moment. 

NECK AND HEAD 

Referring to Figs. 2a and 2b on the reverse 
side of the blueprint, the neck and head are 
shown in front and side view (left and right 
respectively). The neck and head are to be made 


in one. For this use the piece of beech size 30in. 
by 3in. by 2in. 

Begin by marking out the side view of Fig. 2a 
along the 30in. by 2in. side of the length, aligning 
the face where the fretboard is to be attached 
and the end opposite the head with the corner 
of the length of wood. 

Now use Fig. 2b side view (head profile) to 
transfer this shape to the top of the neck so 
it is now in one piece. You should now have the 
profile of the complete neck/head assembly. 

Saw the slope on the front face of the head 
and smooth with plane and sandpaper. 

Draw a line right down the centre of the 30in. 
by 3in. face, including the sloping head. Next 
mark out the front view of the neck and head 
about this centre line making sure that both 
views line up on the wood length. 

The next job is to cut out the neck/head— 
leave the nut slot for one moment. Once again, 
if a bandsaw is available it is recommended 
that this be used, otherwise handsaws, chisels 
and rasps will be needed. 

The method of cutting is left to the constructor 
to suit his own skills. Whichever method is used 
cut slightly oversize, it can be planed and filed 
to final shape later. 

JOINT 

Plane or chisel the end of the neck that is to 
fit into the guitar body to give a tight fit—but 
not too tight. Ensure that the centre line through 
the body lines up with that along the neck/head. 

When satisfied with the joint, mark through 
from the back the positions of the six ‘C’ holes 
and then drill these lin. deep into the neck 
with a 1 8 in. diameter bit. Replace the neck and 
secure to the body with six 2in. long No. 10 
screws. Screw in fully. Now that the screw 
threads have been established remove the neck 
and commence rounding off the back side of the 
neck as indicated in the cross-section of Fig. 2b. 


Photograph of the sloping head of the guitar 
with holes drilled to position machine heads. 
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the fretboard on the neck, line up the centre 
lines and secure in this position with two small 
round-headed screws through two of the drilled 
holes in the fretboard. These screw holes are 
essential for locating the fretboard in the correct 
position when glueing in place later. Shape the 
fretboard to that of the neck. 

Now, using a fine sawblade, cut the slots, 
along the fret position lines (19). Make these 
slots about Vn. deep. Remove the fretboafd 
from the neck and lay on a flat surface. 


Photograph of the neck section that fits into 
the guitar body. 


This is best done with a heavy duty half-round 
file or rasp. 

The regions where the head joins the neck, 
and the neck joins the body, should be shaped 
as indicated in Figs. 2a and 2b, and the photo¬ 
graphs of the neck/head assembly. Shave the 
neck and head right down to the markings. The 
hard work is now over. 

FRETBOARD 

The fretboard is made from a piece of teak 
although mahogany would be just as good. Cut 
the board to the correct length but leave over¬ 
size as far as the'width is concerned. 

Place the blueprint, Fig. 2a (left hand side) 
over the teak board and hold flat in position 
with drawing pins at each of the “E” and “F” 
holes. Using a large pin, prick through the blue¬ 
print along the centre line and either side of it 
at the 19 fret positions. The line to prick through 
for the fret saw line positions is the thin dotted 
one between the two close thick ones which 
represent the frets themselves. 

Remove the drawing pins and blueprint from 
the fretboard and using the pin pricks draw in 
the centre line and the fret position lines. The 
eight holes at “E and F” will have been marked 
with drawing pins. Drill these holes as detailed. 

With the neck screwed into the body, place 


The complete neck/head assembly with completed fretboard glued in position. Shows the 
shaping at the neck/head and neck/stem regions. 



'--- 

Materials .... 

Wood 

Beech 18 x 13 x2in. (body) 

Beech 30 x 2 x 3in (neck/head) 

Teak 20 x 2i x iin (fretboard) 

Fretwire 
4±ft. standard 
Perspex 

12 x 12 x iin. (scratch plate and switch covers) 
Aluminium 
3ix2xirn. (tailplate) 
iin. dia. tube 3iin. long 
If x 1 x-j^in. (jack socket cover) 

Steel plate 

4i x 2i x -jV in. (stem support plate) 

Plastic tubing 
2 x iin. internal diameter 
Plastic rod 
1i x iin. diameter 

1 i x -/Vin. diameter (No. 5 & 7 crotchet needles) 
(finger position markers) 

Screws and Bolts 
2in. long countersunk (6 off) 

Iin. long countersunk(4 off) 
iin. long round headed (2 off) 
i-fin. long, thin chromium plated for fitment 
attachment (24 off) Iin. long, copper or brass 
plated (4 off); Iin. long 4BA (2 off) 
Miscellaneous 

Adjustable bridge; strap; strap fasteners 
(2 off); individual machine heads (6 off); set 
of steel.strings (6); adhesive, filler and sand¬ 
paper. 

I ^ 
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The Beta nearing com¬ 
pletion of the “raw” 
state. 



Cut the fretwire in lengths to suit each fret 
position and push the wire in position from 
above. It must be a tight fit, and it should be 
necessary to have to tap them in with a small 
hammer or press them in with the aid of a metal 
vice. They must be pressed in as far as possible. 

When all the frets are in position and fully 
sunk in, apply some adhesive to the fretboard 
(rearside), Evo Stik is ideal, and with the help 
of the two screw threads in the neck, locate in 
the correct position and allow to set with the 
screws tightened. 

FRET ALIGNMENT 

When set firm remove the locating screws and 
file the ends of the fret wire flush with the 
edge of the fretboard/neck, and then chamfer 
each end of the fretwire (including the fret- 
board) so that you cannot feel the presence of 
the fret as you run your finger down the edge 
of the fretboard. 

When you are satisfied with all the frets, file 
the tops off them so that there is about \ 6 to Wn. 
flat. Finish off with coarse and then fine emery 
cloth so that the frets are free from file marks. 

Place a flat edge along the top of the frets, 
spanning all of them, and determine if any are 



high; if there are, file to correct. Further filing 
may be necessary after fitting the strings. 

The “E” and “F” holes at various positions 
along the fretboard are for finger positioning. 
In the prototype these were filled with short 
lengths of white plastic knitting needle, and 
glued in. 

Now cut out the slot to accommodate the nut 

(Fig. 2a). 

Examine the machine heads you have obtained 
and see if the locating holes shown in the head, 
Fig. 2b, are satisfactory. If so, drill these 
positions to suit diameter of machine head 
spindle, if not, re-position and drill to suit. 
Secure the machine heads in position. 

With reference to Fig. 4 make the nut. This 
should be made from a plastic material such as 
Perspex. The width of each slot should be made 
to suit the diameter of the strings to be used. 
The depth of the slots should be cut so that the 
strings, when fittted, will just clear the first 
fret when taut. This may have to be done by 
trial and error later so this fitment should not 
be glued in position at the moment. 

Next month: details of guitar fitments and pick-ups. 


RME 

I4KENOTE 


Cassette Tape Power Supplies —page 641 
Fig. 3. (October issue). The wrong circuit symbol 
was shown for the Zener diode D 1. See Guide To 
Circuit Symbols in this issue. 


Reactomatic— page 651. In the text reference is 
made to VR4, this should be VR1. 
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BASIC 
1 Elec 


The Battery 


By Maureen Birch 


H ow many appliances have you at home at 
this moment which need batteries to 
operate them—torch, radio, shaver, model car 
etc? You must sometimes have asked yourself 
how these batteries work and how a current is 
produced by them. 

DRY CELL 

If you can unearth a small dud 1-5 volt 
battery — or dry cell as it is called — carefully 
dissect the outer steel case, cardboard sleeve and 
zinc container. Having done this you should be 
able to identify all the parts shown in Fig. 1.1a. 

Notice that the inner container is grey zinc 
metal and the metal cap terminal at the top is 
connected to a carbon rod which runs the length 
of the inside. Around this rod is a moist, black 
mixture of manganese dioxide powder and 
ammonium chloride crystals. Although this is 


called a dry cell the chemicals inside it must be 
damp for it to work properly. 

You will know from experience that dry cells 
come in all shapes and sizes. It is obvious that a 
large cell must contain more chemicals and 
therefore it lasts longer, but increasing the size 
will not increase its voltage. The output from a 
single dry cell is 1 • 5 volts and if more is needed 
many cells are joined together. Thus the 9 volt 
battery of the type used in transistor radios etc. is 
six layer type cells stacked inside one case and 
connected in series so that the carbon of one is in 
contact with the zinc plate of another Fig. 1.1b. 

CHEMICAL REACTION 

Now we come to the crux of the matter—how 
does the cell produce an electric current? The 
battery contains a supply of chemicals which 
react together to create a cloud of small particles 


Fig. 1.1a. Shows the internal construction and 
composition of a "dry" cell. 

METAL CAP (+ve) PITCH SEAL 



Fig. 1.1b. Stacking of six layered cells to make 
a9V battery. 
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called electrons around the zinc case and at the 
same time the carbon rod has a shortage of 
electrons. Electrons are small negatively charged 
particles. Therefore we say that the zinc case is 
the negative terminal and conversely the carbon 
rod is positive. 

When the cell is connected to a bulb the 
electrons flow away from the zinc case through 
the bulb and back to the carbon rod in an 
attempt to even things up. This is a continuous 
process because the zinc case immediately pro¬ 
vides more felectrons to replace those that have 
just left. This is a very simple explanation but it 
leads us to one important and basic fact—that an 
electric current is a flow of tiny negatively 
charged particles. Later, when we are talking 
about the magnitude of current we shall use 
units called amperes to describe it. 

When the chemical energy which produces the 
electrical energy is used up, the battery is said 
to be flat and the current fails. It is possible to 
“refill” a used cell but this is not easy and is not 
worth the trouble. The zinc case is used up in 
the chemical reaction and in modern cells the 
thickness of this case is not very great—thus 
ultimately it may become completely eroded 
away—this leads to the cell leaking. 

ELECTRONS 

Before we go any further we must consider 
in more detail the electrons which we have only 
mentioned briefly so far. All matter surrounding 
us whether it is solid, liquid, or gas is made up of 
atoms and an electron is a small part of an atom. 
Most atoms contain many electrons travelling at 
great speeds in orbits around the centre, or 
nucleus as it is called—rather like planets travel¬ 
ling around the Sun. Each electron has a negative 
charge and the nucleus contains enough posi¬ 
tively charged particles—called protons—to 
balance the electron charges; thus the atom as 
a whole is neutral. 

If we now return to our dry cell producing a 
current and running a light bulb, it is clear that 
as the electrons leave the zinc plate on their 
journey to the bulb and then back to the carbon 
rod they must travel in a substance which will 
allow the flow to continue easily. Such substances 
are called conductors and gold, silver, and copper 
are particularly good. Gold and silver are 
obviously too expensive to use for wiring and so 
copper is extensively used. 

Insulators are substances which do not con¬ 
duct electricity and these are used to cover 
conducting wires—rubber and plastics are 
examples of these. 

Now what, you may be asking, is the difference 
between copper and rubber that makes one a 
conductor and the other an insulator? 

CONDUCTORS AND INSULATORS 

To understand this problem we must think 
about the atoms which make up these sub- 



Fifl. 1.2. Simple experiment to illustrate the 
principle of “current flow” in a "circuit”. 


stances. Some of the electrons in a conductor, 
such as copper, are very loosely held in their 
orbits and can be made to drift along if they 
are pushed by the electrons coming from a 
battery. These loosely bound electrons will be 
pushed from atom to atom until they find one 
with a shortage, or an electron may secure a 
place in an atom by pushing out another electron 
which will in turn move on to find itself a home. 
It is important to understand that the electrons 
which set out from one end are not the same 
ones which reach the other. 

Insulators, on the other hand, do not have 
loosely coupled electrons, and thus are not able 
to carry a current 

One confusing fact about electricity is that, by 
convention, current is said to flow from the posi¬ 
tive to the negative terminal of the battery 
although, as we have seen, it is a flow of 
electrons in the opposite direction 



Fig. 1.3. Introducing a resistance into the circuit 
of Fig. 1.2, by means of the graphite through a 
lead pencil, dims the glow from the bulb. 
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THE CIRCUIT 

We have said that for a current to flow, we 
must have a source of current e.g. a battery and 
wires made of conducting material (copper), but 
there is one other important condition which 
must be fulfilled, and this is that the current 
must have an unbroken path, or circuit as we 
call it, in which to travel. We call this unbroken 
path a closed circuit and in our homes most of 
the electrical apparatus is fitted with a switch 
which will open or close the circuit as required. 

EXPERIMENTS 

At this point you can do some simple experi¬ 
ments. Obtain two 4-5 volt batteries with screw 
terminals—this makes the attachment of wires 
much easier—a 6V 0-12A torch bulb, a holder 
for the bulb and some insulated flexible wire— 
one of the cores from ordinary lighting flex will 
do. 

Connect the batteries to the bulb as shown in 
Fig 1. 2—they will provide us with 9 volts. Notice 
that the bulb glows brightly as the current is 
flowing in copper wire. Now introduce a lead 
pencil into the circuit (Fig 1. 3)—lead pencils 
have a core of graphite. Hold the wires at either 
end of the core of the pencil (not on the wood) 
and notice that the lamp still lights but not as 
brightly as before This is because graphite is not 
as good a conductor as copper. It is providing 
a certain amount of resistance to the flow of 
electrons 

We can show this even more dramatically by 



Fig. 1.4. Using an old electric fire element as a 
resistor. 


substituting the element from an old 1 kilowatt 
electric fire for the pencil graphite, Fig. 1. 4. If 
you use the whole length of the element you will 
be introducing a lot of resistance and the bulb 
will glow dimly. Use less of the element wire and 
the bulb will glow brighter thus showing that the 
circuit resistance is less. Later on we shall give 
numerical values to resistance and we shall use 
units called ohms. 


Next month: Current flow through liquids. 


< > 

Ruminations 

By Sensor 

_ 


Away from it all 

I think that most of us feel the 
need to withdraw ourselves occas- 
sionally from our surroundings, 
mentally at least, and retire into 
our own private world. One can 
soon become oblivious to every¬ 
thing going on around if deeply 
involved in some absorbing pur¬ 
suit. Electronics can be a most 
satisfying hobby because it em¬ 
braces so many arts and sciences. 

The amateur woodworker can 
express himself in the construc¬ 
tion of cabinets for his electronic 
gear while the would be metal¬ 
worker can indulge himself in the 
creation of chassis and cases. 
Those who prefer to experiment 
with circuits can do so with 

Everyday Electronics, November 1972 


simple “breadboard” construction 
“just to see if it works”. One may 
become interested in circuit de¬ 
sign, or merely build from pub¬ 
lished designs. The hobby can be 
enjoyed at any level, just as one 
wishes. 


A place of one’s own 

As a boy, most of my electronic 
projects were built upon the 
dining room table. This meant 
that I was required to clear the 
table for each meal and there¬ 
fore could not easily embark upon 
a large project. When I started to 
build my first large project I first 
bought a cheap card table and 
this became my bench. It stood 
in a corner of the room and work 
could be started or stopped just 
whenever I wished—a great im¬ 
provement over the dining room 
table. 

If space permits, a room of 
one’s own for a workshop, has 
definite advantages; I once saw 
a tiny workshop created in a 
cupboard under the stairs. There 


was just room for one person and 
a small seat and a bench, like a 
shelf, but it served the purpose 
admirably. 

When visiting a friend who 
had just moved into a new house 
I was invited conspiratorially to 
“follow me’. He produced a pair 
of stepladders and led the way to 
the loft space, there, around the 
central chimney stack, he had 
built a bench and storage cup¬ 
boards for tools and components. 
“I can get away up here,” he 
said. 

From his air of secrecy, I con¬ 
cluded that his wife was not 
aware of the existence of his 
little sanctum! I wondered what 
she thought when he disappeared 
for long periods. Did she see that 
tell-tale ladder on the landing or 
did he pull it up behind him? 
Was she disturbed by strange 
noises from somewhere up aloft? 
I didn’t like to ask these 
questions, he had shown me a 
glimpse of his private world and 
I felt that his confidence must be 
respected. Wouldn’t you? 
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Transistor 


A rapid tester for check¬ 
ing most transistors. 




A continual problem to the experimenter is 
the need to test transistors to check if they 
are functioning. Experience shows that transis¬ 
tors rarely fail slowly like valves, they usually 
go open or short circuit on one or more junctions. 
This means that they can be tested with an ohm 
meter. 

The testing technique seems to have been 
invented by a three handed service engineer! 
It requires six separate measurements to com¬ 
pletely test the transistor, assuming you do not 
forget where you have got to, while holding the 
transistor in one hand and trying to manipulate 
the ohm meter probes with the other. 

The alternative is to build a proper transistor 
tester. This is where the trouble begins again! 
Some types of tester seem to have so many 
controls that they would not be out of place 
on an aircraft flight deck, and others require 
sensitive, and expensive, meters. Operation of 
the simpler types requires adjusting backing off 
voltages, several readings from meters and a 
calculation afterwards. 


The Transistor Tester described in this article 
checks transistors by operating them in a simple 
oscillator circuit, which gives a very good 
indication of their functioning. 


CIRCUIT 

The circuit (Fig. 1) at first sight seems a little 
fearsome due to the switching arrangements 
which are needed to cater for both npn and pnp 
type transistors. The circuit is basically a simple 
multivibrator. 



Approximate 
cost of 
components 
£l*85 plus case 
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The multivibrator acts as an “electronic see¬ 
saw.” TR1 (the transistor being tested) and TR2 
(or TR3) switching on and off alternately, at a 
frequency determined by Cl, C2, R2 and R3; 
these are chosen to provide oscillation in the 
audible frequency range. Pulsating current flow¬ 
ing in TR2 (or TR3) collector, as the transistor 
switches on and off, causes an audible tone to be 
heard in the loudspeaker LSI. Resistor R4 limits 
the current flowing in TR2 or TR3 but allows 
enough to provide a reasonable output from LSI. 

Provision for checking pnp and npn transistors 
is made by switching in a similar type in the 
TR2 position (TR3) and switching the battery 
polarity to suit, this is done by SI. 

Only if TR1 is working will the tester oscillate 
giving an audible tone when S2 is pushed. 

COMPONENTS 

None of the components are critical, almost 
any general purpose transistors that can pass 
a collector current of about 100mA will be suit¬ 
able for TR2 and TR3. The loudspeaker can be 
any small 3 to 15 ohm type. Switch SI is a four 
pole two way rotary type wired up as will be 
shown later. 

CONSTRUCTION 

The prototype unit was constructed in a small 
diecast case that provides a very tough and 
business like finished unit. Commence construc¬ 
tion by drilling the removable panel as shown 
in Fig. 2.; all the components will be mounted 
on this panel. 

Next affix the loudspeaker, SI, S2 and the clip 
to hold Bl. Having done this wire up the tag 
board as shown in Fig. 3, soldering in the two 
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Components.... 

Resistors 

R1 2-2kn 
R2 27kQ 
R3 27kn 

R4 ioon 

All ±10% iW carbon 

Capacitors 

Cl 0 05/xF 
C2 0-05/tF 

Transistors 

TR1 Transistor under test 
TR2 2N3703 silicon pnp 
TR3 2N2926 (G) silicon npn 

Miscellaneous 

LSI 3 to 15Q miniature loudspeaker (approx. 

2 in. diameter) 

51 4-pole 2-way wafer switch 

52 Single-pole push to make push button. 

Bl 9V PP3 battery 

Three miniature crocodile clips, 11 way tag 
strip, Terry clip to hold Bl, small pieces of 
paxolin to mount connection clips, die cast 
box, approx. 4| x 3J x 2} in., pointer knob, 
4BA fixings, connecting wire. 

V___ 

transistors last, using a heat shunt on each lead 
as it is soldered. 

Before wiring up the unit the three small 
crocodile clips must be mounted on a piece of 
paxolin by their connecting screws and then 
mounted on the panel as shown in Fig. 4, using 
another piece of paxolin to insulate them from 
the case. 

Fig. 4. The two pieces of Paxolin used to mount 
the clips for TR1. Each piece measures 1 in x fin. 

6 B.A. CLIP MOUNTING 



SHOP 

TALK 






















Transistor 


Fig. 2. Front panel drilling details dimen¬ 
sions of some of the holes will depend on 
the components used. 


Fig. 3. Internal view of the complete 
unit showing component layout and 
wiring. 
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NEXT MONTH 

Demo 

Circuits 


Don't discard your Demo Deck—a new 
educational series using it starts next month. 
Operation of various baskr circuits will be 
described. 


control 
transmitter 


A single channel transmitter 
will be described next month 
and a receiver the following 
month. 


BETA 


The pick-ups and fittings 
used in the Beta guitar. 


December 


On sale Friday, November 17 
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Finally, mount the circuit board, on two long 
bolts, over the speaker and connect up the unit. 


TESTING 

After checking all the connections, connect 
the battery observing polarity, insert a good 
transistor in the dips—again observing lead 
connections—select pnp or npn on SI and press 
S2. If all is well a bleep will be heard signifying 
that the ostillator is functioning. Now test the 
other position of SI by inserting a different good 
transistor in the clips (i.e. if pnp was used first 
use an npn type or vice versa). 

Remember that this unit provides a quick 
check on most types of transistor—it cannot be 
used for f.e.t’s or unijunctions and it will not 
test all the parameters of the device. 

To complete the unit designate the panel as 
shown in the photographs and either paint it 
or at least coat the lettering with clear varnish 
to protect it. H 


Front panel markings of the completed unit. 


Internal view of the prototype. 



















THEY 

MADE 

THEIR MARK 

Noe Faraday 


Photograph: Science Museum , London. 

L ast month we left Michael 
Faraday demonstrating the 
first dynamo to the Royal Society, 
but he did not stop to put his 
discoveries to practical use. When 
he was made Director of the 
Royal Institute laboratories he 
said “I must continue to discover 
new facts”. 

ELECTROLYSIS 

His earlier European journeys 
with Sir Humphrey Davy had 
attracted him to the work of 
Ampfere and Volta. 

His very first experiment 
recorded as early as 1812 had 
been to make a yoltaic pile with 
seven halfpennies, seven discs of 
sheet zinc and six pieces of paper 
moistened with salt water. With 
this pile he decomposed magne¬ 
sium sulphate. This was the start 
of his work on electrolysis and 
his electro-chemical experiments, 
which later led him to introduce 
the apt terms “electrolyte”, 
“electrode”, “anode” and 
“cathode”, which are still in use 
today. 

Faraday also carried out 
numerous electrostatic experi¬ 
ments, and he found that the 
electric charge induced between 
one conductor and another 
depended on the material or “die¬ 
lectric” between them. In recog¬ 
nition of this discovery, the name 
Farad was given to the unit of 
electrical capacitance (see Table 
1 last month). 

Overwork was starting to take 
its toll and in 1841 Faraday was 
ordered to take a complete rest 
in Switzerland. Then in August 
1845 he started to examine the 


relationship between light and 
electricity. For this he conducted 
a magnificent experiment with a 
horseshoe magnet and a Nicol 
crystal prism. He passed a beam 
of polarized light through the 
crystal along the direction of the 
magnetic field. He found that the 
plane of polarization of the light 
was rotated as it passed through 
the crystal. 

In the same year he also dis¬ 
covered that all substances have 
magnetic properties to some de¬ 
gree. Some bodies tend to move 
in a magnetic field towards the 
stronger parts of the field; this 
effect he called “paramagnetism’'. 
Other bodies tend to move into 
the weak parts of the field; this 
he called diamagnetism. 

His three volumes “Experi¬ 
mental Researches in Electricity” 
covering his discoveries from 
1831-1855 are accepted as classics 
and have been described as “One 
of the richest treasuries of know¬ 
ledge which has ever been pre¬ 
sented tb the world by a single 
intellect". 

HONOURS 

By now Faraday was a world 
famous figure and honours were 
showered upon him, but he 
declined a knighthood and the 
Presidency of the Royal Society 
for fear they would interfere with 
his experiments, and lecturing. 
His lectures to children at Christ¬ 
mas had become almost a national 
institution, two regular patrons 
being the Prince Consort and the 
young Prince of Wales. Com¬ 
memorative Faraday lectures are 
still given at Christmas time 
today. They were introduced by 
the Institute of Electrical 
Engineers in 1924 with the object 
of informing the general public 
about recent advances in the 
applications of electricity. 


By J. E. Gregory 

Faraday never relied on his 
memory, which was always bad, 
and wrote everything down, 
ideas, lecture notes and experi¬ 
ments. His diaries were later 
edited and published in 1932 in 
seven volumes. 

Faraday’s experimental work 
ended in 1855 when he retired. 
He shunned publicity preferring 
to live a simple Christian life. 
Since childhood he had belonged 
to a small religious sect, the 
Sandemanians and always found 
time to attend their meetings. At 
the age of thirty he had made a 
public confession of his faith. 

Faraday delivered with some 
difficulty what was to be his last 
lecture at the Royal Institution in 
June 1862. He realised he was 
gradually becoming paralysed. 

In 1858 Queen Victoria had 
placed at his disposal a Grace 
and Favour apartment in the pre¬ 
cincts of Hampton Court and it 
was here that he died on August 
25th, 1867, sitting quietly in his 
chair. 

A grateful nation wanted to 
honour him with a national 
funeral at Westminster Abbey, 
but in accordance with his own 
wishes he was buried in perfect 
silence at Highgate Cemetery, 
London. 

Diorama showing Faraday in 
his laboratory. 

Photograph: Science Museum, London. 
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TECHNICAL 

TRAINING 

in radio television 
and electronics 


Whether you are a newcomer to radio and elec¬ 
tronics, or are engaged in the industry and wish to 
prepare for a recognized examination, ICS can 
further your technical knowledge and provide the 
specialized training so essential to success. ICS 
have helped thousands of ambitious men to move 
up into higher paid jobs—they can help you too! 
Why not fill in the coupon below and find out how? 

Many diploma and examination courses available, including 
expert coaching for: 

% C. & G. Telecommunication Techns. Certs. 

• Radio Amateurs' Examination 

• General Radiocommunications Certificate. 

• C. & G. Radio Servicing Theory. 

• General Certificate of Education, etc. 

Now available, Colour T.V. Servicing 

Examination Students coached until successful 

NEW SELF-BUILD RADIO COURSES 

Learn as you build. You can learn both the theory and 
practice of valve and transistor circuits, and servicing work 
while building your own 5-valve receiver, transistor portable, 
and high-grade test instruments, all under expert tuition. 
Transistor Portable available as separate course. 

POST THIS COUPON TODAY 


tor full details of ICS courses in Radio, T.V. and Electronics 



| ^Btock Capitals pleasii) 
j ADDRESS 


I 

} Member of the A6CCAccra *'ted by the i 


INTERNATIONAL CORRESPONDENCE SCHOOLS 



724 































TEACH-IN 

End of Term Answers 


Here are the answers to the test we set last month: 

(1) To make an npn silicon transistor conduct, its base 
must be made 600mV positive with respect to its 
emitter. 

(2) Generally speaking, you can reverse the types of 
transistors in a circuit and reverse the power supply 
polarity to compensate, provided you reverse all 
transistors and all other parameters are identical. You 
cannot substitute silicon for germanium or vice-versa. 

(3) The power dissipation in TR1 is the potential difference 
between emitter and collector multiplied by the 
quiescent current flowing through the transistor. 

First calculate /„ = = 3^0 = °'25mA 

We now find l c = / b x/> FE = 0-25x200 = 50mA 
Voltage drop across R2 = / c x R2 = 0 05 x 100 = 5V 
Therefore drop across TR1 = 9 — 5 = 4V 
The power dissipation in TR1 is = /x/ = 4x 0-05 = 
0-2W or 200m W 

(4) (a) When the switch is opened, Cl tries to charge 

over the range of 9V. We want the time it takes to 
reach 4V. That is 5V from the fully charged state, 
t = log e x C x R (See Teach-In Part 8) 
so in our case t =log„ | x 0 000001 x 1,000,000 
=log e 1 -8 = 0-59 seconds 

(b) It will take a longer time because as fast as the 
capacitor is being charged some of the charge will 
be leaking away. 

(c) The charging time will be less if you increase the 
total driving voltage range. 

t = log„ — = log. 1 -29 - 0-25 seconds 

(5) The diode is sometimes needed to protect a transistor 
with low emitter/base reverse breakdown voltage. 
Its need is determined by this and supply voltage. 

(6) If the "mark” is 50mS the "space” will be 5 -^— = 5mS 
so the total period is 55mS. Hence the frequency 

('- i>o-k = 18 2Hz - 

(7) 4V r.m.s. gives 4 x y/2 volts peak which is 5-65V either 
positive or negative going about the +2V level. There¬ 
fore peak maximum positive is (2 + 5-65) = +7-65V 
and peak negative is (2 —5-65)= —3.65V. 

(8) It would be better to use a germanium diode in a low 
voltage range meter. The 600mV forward drop of a 
silicon diode would be too significant in a range of 5V. 
For higher ranges greater than 30V, a silicon diode 
could be used without introducing significant error. 

(9) The answer is transformer (c). Note that you do not 
have to have separate windings to get transformer 
action. A centre tapped coil can behave just like a 
transformer. 

(10) Buy the 6-3V r.m.s. type. It will have a peak output of 
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6-3x1-414 = 8-8V. After rectification and smoothing 
the output will fall by about 600mV on medium loads. 
Sometimes you can compensate for this drop by using 
alternative mains tappings on the primary. Set for 
210V if you want a high output, or 250V if you want a 
lower output. 

(11) First calculate the reactance of the coil and total 
circuit impedance at each frequency, then use these 
values in a potential divide operation. We show the 
calculation at 50Hz and the straight answers at 100Hz 
and 200Hz. 

At50Hz X L = 2 nfL = 2 x 3-142 x 50 x 1 -5 = 472 ohm 
z = V(fl* + XJ) = Vd .000,000 + 222,000) = 
1,100 ohms 

Therefore V out = !2iiZ? = 4-3V r.m.s. at 50Hz 

At 100Hz V out = 6-85V r.m.s. and at200Hz8-8V r.m.s. 

(12) One would use the class B stage because the quies¬ 
cent current drawn is very low and hence very little 
power is wasted. If the volume is set low, battery 
power is conserved. 

(13) Class A output does not suffer from cross over 
distortion and hence, intrinsically, provides a better 
quality output but at the expense of a high quiescent 
power dissipation. In practice modern class B outputs 
give quite comparable quality outputs. 

(14) You would lose low frequency response (hence lose 
bass frequencies) because the low capacitance of the 
microphone presents very high impedance to current 
flow at low frequencies. There is a greater potential 
divide effect at low frequency when connected to a 
low impedance amplifier input. 

If a high input impedance is used the proportionate 
reduction in signal level so caused is less significant. 
Ideally the input impedance of an amplifier for use 
with a crystal microphone should be about 10 times 
the impedance of the microphone. 

(15) Use the 15 ohm loudspeaker. You will not get maximum 
power coupling into it, but you will ensure that you do 
not exceed the current rating of the output transistors. 
As a general guide you can always use a loudspeaker 
having a higher impedance than that specified, but 
never use one that is lower. 

(16) The errors were: 

(i) D1 was the wrong way round. 

(ii) TR2 emitter and collector were connected the 
wrong way round. 

(iii) The flying lead should have come from the 
positive rail. 

(iv) TR3 should be an npn and not pop transistor. 

(v) C3 was shown the wrong way round. 

Typical values are R1, R2: 5-6 kilohm; R3: 100 kilohm; 
R4 : 330 ohm; Cl, C2: 15,OOOpF; C3: 50^F; TR1, TR2, 
TR3: BC108; D1, D2: OA91, LSI: 35 ohm; B1: 9V. 

For unity mark/space ratio at 500Hz, Rf should be 100 
kilohms but it can be varied between 22 kilohms and 
470 kilohms to produce different frequency notes. 
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POST CO V±__z 

Readers Letters 


Temperature 

Measurement 

In the August 1972 Editorial 
of E.E., reference is made of 
using the old British symbol for 
the resistor. I agree with the com¬ 
ment that the zigzag is superior to 
the oblong box, also for my own 
use I shall still think of c/s, Kc/s, 
Mc/s etc, rather than Hz, as I 
think c/s describes the frequency 
of alternating current far better 
than Hz. 

Referring to the thermistor used 
in the Weather Station project, 
as I understand, it will give the 
temperature of the sunshine if 
placed in the sun, which will be 
higher than conventional themo- 
meters in a proper ventilated 
screen four feet above bare earth 
and at least four feet away from 
any building or tree. This should 
be borne in mind if comparing 
such a temperature reading with 
those published in local evening 
papers as these are usually taken 
from thermometers in proper 
ventilated screens. 

If placed in the shade of a tree 
so that the sun did not shine on 
it at all during the day the read¬ 
ing would then be nearer to that 
of a thermometer in a proper 
screen, although if used in the 
complete station, the unit (whole) 
would have to lie in an open 
space to record wind direction 
and speed. 

C. W. Hockney 
Yorkshire. 


Wavelength 

In your radio tuner article, 
you stated that Radio 2, on long 
wave is on 200 metres. In fact 
200 metres is the h.f. end of the 
medium wave band, Radio 2 
being Qn 1500 metres, 200 kHz. 

Are there any plans for valve 
equipment which I notice your 
magazine has not published. 

K. Haley 
Newcastle. 

At present we do not intend to 
publish articles describing equip¬ 
ment using valves. 
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Soldering 

Your beginners series Teach-In 
suggests that in soldering, the 
soldering iron is applied to the 
work, and when the joint is suf¬ 
ficiently heated the solder applied 
to the joint i.e. the heated metal 
melting the solder. I have made 
reference to a book called 
“Soldering Handbook” which is 
(or was) published in association 
with Multicore solders. The book 
describes a similar technique to 
that which is printed on Multi¬ 
core solder packets. This is as 
follows: 

“Applying the iron directly 
to the work to heat it is very 
inefficient, and merely oxi¬ 
dises the workpiece surfaces 
making them more difficult 
to solder. It is much better 
to apply cored solder to the 
work, and then melt the 
solder with the iron; this is 
the most efficient way of 
heating the work, by letting 
the solder and flux carry the 
heat from the soldering bit 
to the workpiece surface”. 
Multicore solders have this 
information in their packets so 
I am sure you will agree with me 
in saying that they must know 
what they are talking about! 

There is a tremendous amount 
of confusion concerning soldering 
and its application, and in the 
case of beginners starting off on 
this hobby, it is surely very im¬ 
portant that they learn in the 
correct manner. But which is the 
correct manner? I myself have 


been very confused and doubtful 
to whether my joints are of an 
acceptable quality, and I have 
been involved in electronic work 
for several years. So when it 
comes to beginners, a simple 
direct method should be em¬ 
ployed where they definitely 
know what they are doing and 
given an assurance of good 
results. 

Please comment on the two 
methods given, I feel the latter is 
the better but you may differ in 
opinion. Soldering being such an 
important part of electronics it 
is surely very important that 
beginners are taught correctly. 

Paul Carvill 
Wimbledon. 

In our article on soldering (Nov¬ 
ember 1971 issue—now unavail¬ 
able) we said “A good soldered 
joint is made by first ‘tinning ’ 
both surfaces . . . Unfortunately, 
copper oxidises very easily when 
heated ... To prevent this oxida¬ 
tion we have to use a flux and 
this is contained in cores running 
through the length of the solder.” 

We went on to say, “The 
soldering iron, carrying a small 
amount of solder to help thermal 
contact, is then touched on the 
area to re-melt the solder on the 
surface and at the same time a 
small extra amount of cored 
solder is applied which runs into 
the joint.” 

As you have pointed out we did 
say that you should tin the wires 
by heating them with the iron and 
touching the solder on the wire. 
Provided the iron is carrying a 
small amount of solder to help 
thermal contact we believe this is 
better than melting the solder 
with the iron. 

It is very easy for a beginner 
to melt the solder, without 
heating the job enough to ensure 
that the solder dissolves some of 
the copper wire and makes a good 
joint. If however the wire is 
heated until it melts the solder 
(using the solder on the iron to 
aid heat transfer) then the joint 
will be properly made. 


Everyday Electronics, November 1972 


If you write to us for advice, and wish to have a personal 
reply you must include a s.a.e. Unfortunately, we cannot 
prepare special designs, circuits or wiring diagrams to 
meet individual requirements, nor can we supply back 
issues or answer queries concerning commercial equip¬ 
ment, or subjects or designs not published by us. 

For all technical and editorial matters, write to: The 
Editor, Everyday Electronics, Fleetway House, Farringdon 
Street, London, E.C.4. Phone 01-634 4452. 

For all enquiries concerning advertisements or advertisers 
write to: The Advertisement Manager, Everyday Electro¬ 
nics, at the above address. Phone 01-634 4202. 
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IflfJjf I reany 
IUUII ■ mastered 


electronics 
realh 


... practical 
...visual 
...exciting! 


no previous knowledge 
no unnecessary theory 
no “maths” 




BUILD, SEE AND LEARN 

step by step, we take you through all the fundamentals of 
electronics and show how easily the subject can be mastered. 
Write for the free brochure now which explains our system. 

r~.I B : I.I.I.■ I . I 


— 


1/ BUILD AN 
OSCILLOSCOPE 

You learn how to build 
an oscilloscope which 
remains your property. 
With it, you will become 
familiar with all the 
components used in 
electronics. 


2/ READ, DRAW 
AND UNDERSTAND 
CIRCUIT DIAGRAMS 


as used currently in the 
various fields of electronics. 


3/ CARRY OUT 
OVER 

40 EXPERIMENTS 
ON BASIC ELECTRONIC 
CIRCUITS & SEE HOW 
THEY WORK, including: 


valve experiments, transistor experiments 
amplifiers, oscillators, signal tracer, pho¬ 
to electric circuit, computer circuit, basic 
radio receiver, electronic switch, simple 
transmitter, a.c. experiments, d.c. experi¬ 
ments. simple counter, time delay circuit, 
servicing procedures. 


This new style course will enable anyone to 
really understand electronics by a modern, 
practical and visual method—no maths, and 
a minimum of theory—no previous knowledge 
required. It will also enable anyone to under¬ 
stand how to test, service and maintain all 
types of electronic equipment, radio and TV 
receivers, etc. 


FREE 


To: BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, 

R.O. Box 156, JERSEY. Please send your free brochure, without obligation, t 


e if you prefer not to cut page ADDRESS 


PLEASE EEL112 


special free gift also to all our students 
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eliminators 


3,4H, 6,7V4,9,12 @ 500mA 
Car Battery Converter fully stal 


DU Sockets 

14 and 16 pin 

I6fi 

(including ZIG-ZAG) 


therm 



.) £28.50 % 


Veroboard 


III 

p(10) 17p 


Aluminium Bones 


Resistors 


Itt 10% Carbon Composition 


Semiconductors 


AC187K25p BC149 1( 


9 I5p OC45 ISp IN4001 6p OA91 7p 

0 25pOC71 Up IN4002 7p OA200 lOp 

1 30p OC72 17p IN4003 8p OA202 lOp 

4 2Sp 0070 23p IN4004 8p SL403D £1.50 

5 25p 0C171 30p 1N4005 lOp pA709C 45p 

4 1 Sp 2N697 18p IN4006 12pM710 45p 

5 15p 2N706 12p IN4007 15pM74lC50p 

6 15p 2N708 15p AA119 9p J/A723C £1.05 


Thermistors 


Heat Sisks 




MIMG3 


e 


ectronics 


Capacitors 
Mylar ft 


Polystyrene 1608 

10pf to 10,000pf an 3p. such In multiptes of 

Mullard C280 2508 


Mullard 0426,0/5 
00/6 all 6p each 


Mullard C437 & 0/7 


Mullard C431 

2000 1250 800 500 320 33p 

16000 10000 6400 4000 2500 93p 

HT flectrolytics 

1; 2; 4; 8#iF 450V 14p 

16jiF 450V ISp 

32mF 450V 20p 

5QpF 350V 20p 

78 0 Radio Types 


Potentiometers 


Slider Pots 
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L Why take the risk? 

of damage to expensive 
transistors and integrated 
circuits, when soldering? 

Use Antex low-leakage 
soldering irons 



' 220-240 Volts or 

100-120 Volts 

The leakage current of the NEW X25 
is only a few microamps and cannot 
harm the most delicate equipment 
even when soldered "live' 

Tested at 1500v. A.C. This 25 watt iron 
with it's truly remarkable heat-capacity 
will easily "out-solder" any conventionally 
made 40 and 60 watt soldering irons, 
due to its unique construction advantages. 
Fitted long-life iron-coated bit 1/8", 
2 other bits available 3/32" and 3/16' 
Totally enclosed element in ceramic 
and steel shaft Bits do not "freeze" 
and can easily be removed 


PRICE: £1.75 (rec. retail) 
Suitable for production work 
and as a general purpose iron 


Model CCN 220 volts or 240 volt 

The 15 watt miniature model CCN. 
alsd has negligible leakage. 

Test voltage 4000v. A.C. 

Totally enclosed element in 
ceramic shaft. Fitted 
long-life iron-coated bit 3/32" 

4 other bits available 
1/8", 3/16" 1/4" and 1/16" 
PRICE: £1.80 (rec. retail) 

OR Fitted with triple-coated, 
(iron, nickel and 
Chromium) bit 1/8" 

PRICE: £1.95 (rec. retail) 


A SELECTION OF OTHER SOLDERING EQUIPMENT. 


MODEL CN 

Miniature 15 watt soldering iron fitted 3/32" iron- 
coated bit. Many other bits available from 3/64" to 
3/16". Voltages 240, 220, 110, 50 or 24 

PRICE: £1.70 (rec. retail) 

MODEL CN2 

Miniature 15 watt soldering iron fitted with nickel 
plated bit 3/32". Voltages 240 or 220. 

PRICE. £1.70 (rec. retail) 



contains 15 Watt miniature iron fitted 
with 3/16" bit, 2 spare bits 5/32" 
and 3/32", heat sink, solder,stand 
and "How to Solder" booklet. 

PRICE £2.75 
(Rec. retail) 


MODEL G 

18 Watt miniature iron, fitted with long life iron- 
coated bit 3/32". Voltages 240, 220 or 110. 

PRICE. £1.83 (rec. retail) 



MODEL SK.2 KIT 

contains 15 Watt 
s iron fitted with 3/16" bit, 

2 spare bits 5/32" and 3/32" 
heat sink, 
solder and 
booklet"How 
to Solder" 



PRICE £2.40 

MODEL (Rec. retail) 

1 MES. KIT Battery-operated 12v. 25 watt 

__ * iron fitted with 15' lead and 2, heavy clips 

for connection to car battery. Packed in strong 
Plastic wallet with booklet "How to Solder." PRICE £1.95 

_ (Rec. retail) 


From radio or electrical dealers, 
car accessory shops or, 
n case of difficulty direct from: — 

ANTEX LTD. FREEPOST 

(no stamp required) Plymouth 
PL1 1BR Tel: 0752 67377 


□ Please send the ANTEX 

colour catalogue. 

1~~1 Please send the following: 
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FOR 

RAPID 

SERVICE 


GARLAND BROS. LTD. 

DCRTFORD BROADWAY. LONDON. SC8 AON 












































If we can land 
moon modules 
we can certainly 
land you 
a good job 

We are Control Data Corporation, a major American 
computer manufacturer, providing, among other things, 
computers that help eontrol'the landing of Apollo moon 
modules.-Because computers have become the world's 
fastest expanding industry we want to meet men and 
women interested in training under us for really good jobs 
with our customers 4nd with other computer users. By 
1980. it is predicted, computers will form the world's 
largest industry and 90% of trainees ar,e currently placed in 
jobs almost immediately. No specific qualifications are 
required for training - simply a clear, logical mind. 

Telephone 

01-637 2171 

and ask for Peter East 

CONTROL DATA INSTITUTE 





The Pictorial Method 


BASIC 


ELECTRICITY(5vols) f 
ELECTRONICS(6vols) 
TELEVISION (3vols) 


YOUR 

^ uoxdz 

You’ll find it easy to learn with this outstandingly gg GUARANTEE 
successful PICTORIAL METHOD. The essential facts gg 
are explained in the simplest language, one at a time, 
and each is illustrated by an accurate cartoon-type 
drawing. These clear and concise illustrations make 
study a real pleasure. The books are based on the latest 
research into simplified learning techniques. This easy- 
approach-to-learning method has proved beyond doubt 
that acquiring knowledge can be an enjoyable ex¬ 
perience. 


Should you be, in 
any way dissatis¬ 
fied with the 
MANUALS yc 
money will 
funded by return i 


WHAT READERS SAY 

You have my firmest recommendation in 
favour of this method of Self Teaching. 

B. W. Blackburn. 
The best I have ever had: they are fantastic 
and everything your readers say. 

P.L.W. Davenport. 
I have made great use of the Basic Manuals. 

> ' B.C. Hendon. 
I have found the Electronics volumes so 
interesting: please rush me Electricity. 

C. A. Folkestone . 


EMMwsurnni 


3 *. 


To The SELRAY BOOK CO., 60 HAYES HILL, HAYES, 

BROMLEY, KENT. BR2 7HP 

Please find enclosed P.O./Cheque value£............ 

BASIC ELECTRICITY 5 parts £4-50 □ 

BASIC ELECTRONICS 6 parts £5-40 □ 

BASIC TELEVISION 3 parts £3-60 □ 

Tick Set(s) required. Prices include Postage and Packing. 

YOUR 100% GUARANTEE. If after 10 days examination you decide to 
return the Manuals your money will be refunded in full. 

NAME .... . .-...... 

BLOCK LETTERS - 

FULL POSTAL........i....:. ’. .i........... 

ADDRESS . ...... v ..a.... ...... 
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BSR LATEST SUPERSLIM 

STEREO AND MONO 

SjLKd h j 




£8-75 post 2 5p. 
£7*75 post 25p. 





B JUNIOR SINOLE PLATES 
ratable, 4-epoed motor »nj separate pick- 


£4 50 


E.M I WOOFER A 
1.1. TWEETER k 

£5*75 Post 85 b 




I 


SUITABLE ENCLOSURE 20 x 13 x 9in, £9 POST 25p 

_MODERN TEAK DESIGN_ 

WEYRAD P50—TRANSISTOR COILS 

RA2W Ferrite Aerii* ” 

Oec. P50/1AC. 

I.P. P50/2CC 470 kcj 
8rd I.P. P50/8CC... 


Printed Circuit, PC 

WerndVooklit*. 


VOLUME CONTROLS 

Lons spindles. Midset Size 
5 K. ohms to 2 Meg. LOO or 


80ohm Coax 4p. yd. 

BRITISH AERIALITE 
AERAXIAL-AIR SPACED 

feingI'loVlom. 1 * 


8in & lOin ELAC 

HI-FI SPEAKERS 



R.C.S. STABILISED POWER PACK KITS 

waansa 


to 25 Kc/s. 26dbVak 

" 90p % 


NEW TUBULAR ELECTROLYTICS 


5b0mP. 


1M/MV 
' 16 + 18/450V 25? 


32 + 32/450V .*.* 83p 
°“ A h 50/825V . 50p 
H 50 + 50/850V48p 


V . . xwp 10 + 1H/45UV 25p 
5V lOp 32 +32/350V 25p 
VOLTAGE ELECTROLYTICS 
- r ° ’8, 25. 80, 50, 100, 200mP. 15V. lOp 
L5p; 25V. 20p; 50V. 80p. 

200oSf 6V V '25 7P, 25^ V 42 35P: 0V 0V 57 47P: 10 ° V- 70P- 
2500mp! MV.^p^OOOmP.’ 2bV.‘ 4% 50V. 85p. 

5000mP- 8V. 25p; 12V. 42p; 25V. 75p; 85V. 85p; 50V. 95p 
CERAMIC IpP to 0-OlmP, 4p. Silver Mica 2 to 5000pP. 4p 
PAPER 350V-0-1 4p, 0 5 18p; ImP 15p; 2mP 150V I5p. 
500V-0 001 to 0 05 4p; 01 5p; 0 25 8p; 0 47 25p. 

SILVER MICA. Close tolerance 1% 2 2-500pF 8p; 500-2 200 
PP lOp; 2.700-5,800pF 20p; 6,800pP-0 01, mid 30p; each 
TWIN GANG. “0-0” 208pF + 178pF, 65p; Slow mot 1 — 

365 + 385 with 25 + 25pP, 50p; 500pF slow motion, 

45p; small 8-sans 500pP £1 60. 

SHORT WAVE, SINGLE. lOpP 30p... „„ 

NEON PANEL INDICATORS 250V AC/DC Amber 20p. 


BAKER I2in. MAJOR £9 

30-14,500 c.p 





w. 5p 10 ohms to 10 i 


WIRE-WOUND RESISTORS 5 



GARRARD DECCADEC SP25 
MKII RECORD PLAYER 



METAL PLINTH & PLASTIC COVER 


£ 4-50 


WAX POLISHED FINISH AT SAME PRICE 


MAINS TRANSFORMERS 


GENERAL PURPOSE LOW VOLTAGE. 1 Tapped Ontp’ 

amp”^,| , ,l’oa8:iA 8 i8, 0 M. 2 M, S 80. 8 a«^4oI 1 4^»5! 18 25 

imp. 6, 8, 10.18,16, 18. 28,84,80. 86, 40, " -- 

lUTOTEAW 8P0EMEBS llSeflo ra0 3 * - o 4 r°21 


PUU,°WAVE BmSflE CHABOEBBECTTraS:’ * 

-" ’-aafttwaag “ t: 4 * mp - 1 


TWO-WAY SOOOcpi CBOSSOYEBS 8 
SPECIAL OFFEB! 80 


n 8iln.; 8|in.: 85 ohm, 2in.; 8in. 
..;6x«B.i8x5ta. £\ EACH 
i.;Jx4in.i TYPE 


sle £2-20 each. Poll 15p. 


BAKER 100 WATT . 

ALL PURPOSE I - m t 
TRANSISTOR I^GGA 
AMPLIFIER 1 - 

4 Inpn^epeech and 

Beeponee ML69.000"op., man. _ - 

ssav^-ax £49:: 



45p;9 x 7in.60p;ll x 7in.76p;13 x 8in.90p;14 x lira! 
95p; 15 x 14in. 09p: 11 x Sin. S6p:16 x loin. 51. 
ALUMINIMUM PANELS 18 i.w.8.6 x 4in.8p;8 x Sin.ISp; 

14 x 81n. 18p; 10 x 7in. lOp; 18 x 5in. 20p; 18 x 8in. 28p; . 

18 x 6in.88p;14 x 91n.84p;12 x 12in.40p;16 x loin.50p 

HI-FI STOCKISTS RETURN OF POST DESPATCH 

RADIO COMPONENT 

Radio Booke & Componont Liata Sp. Written guai 
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ii In 

8 p.8---, - 

TOGGLE 8wiTCHE8. 3 .p. i ‘lt^dp. 19p; dp. dt. 

"THE INSTAHT” BULK TAPE 

ERASER A HEAD DEMAGNETISER AS 

«-35 rs* -R 

POST AHD PACKING ISp 


itaSo^oY,: £4-50 


BARGAIN PM TUNER 88-108 He/a Six Tranetator. 9 rail 
MoM MmlL Calibrated elide dial tuning, in rn 
Walnut Cabinet. Size 7 x 5 x linch HZOU 

.bore leea cabinet £8-85 

Ptnh-PniiBee'dr built,‘with'Tolnme^contro'l^OT! £3-50 


BARGAIN PM TUNER ae 
BARGAIN 8 WATT AHPLIPIEB. 4 1 


■ 


PANEL^SOCKETS^^p. LINE 18p 

ltd. open-oiranit 14p, closed’circml 7 28p; 
rat top. Phono Pluga 5p. Phono Socket 5p. 
L Chroma Up: 8 5mm Chrome 14p. DIN 
3-pin lOp; 5-pin lOp. DIN SOCKETS Load 
85pTDIN PLUGS 3-pin Up: 5-pin 25p. 
IS. 5p; CERAMIC 8p; CANS 5p. 


*> 


E MOTORS Port 15 


4.1. GRAM MOTORS 


SPECIALISTS 


tatSf°£l'25 

W*? 

CUSTOMERS FREE CAR PARK CALLERS WELCOME 

337 WHITEHORSE ROAD, CROYDON 

OpanP—6p.m. (Wednesday! 9-1 p.m„ Saturday.9—5 p.m.) 

postage.) Buses 50. 68. 159 Rail Selhurst. Tel. 01-584-1665 
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Send S.A.E. for list. 

W.E.C. LTD 



YATES ELECTRONICS 
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U.K's LARGEST ELECTRONICS CENTRES! 

HENRY’S RADIO LID. edgware road. LONDON, w. 2. , rs . 

.*/ 404-406 ELECTRONIC COMPONENTS & EQUIPMENT 01 -402 8381 [' 

|\f O VV 354-356 HIGH FIDELITY & TAPE EQUIPMENT 01-402 5854/4736 

c i\l f 309 PA - DISCO - LIGHTING HIGH POWER SOUND 01-723 6963 
npt* V ■ 303 BARGAIN STORE SPECIAL OFFERS All Mail to: 303. Edgware Rd.. Londc 

V ... «~. JR ELECTRONIC REQUIREMENTS WITHIN 200 YARDS. CALL IN AND SEE I 


me D TEXAN 

20 + 20 WATT INTEGRATED 
I.C. STEREO AMPLIFIER 



RECORD DECKS 

CHASSIS (Post 50p) 



if MORE OF EVERYTHING AT THE RIGHT PRICE ALWAYS AT HENRY’S H 






































